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High rep. rate, X-ray FEL user facility
based on a 2.4 GeV DWFA (2012)
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Evolution of the DT drive bunch (no BBU control)

Initial beam parameters Value

oX 25um
Norm. emittance lum

Charge 1.6nC
Energy 150MeV

Head at 2cm from the entrance 8cm 12 cm

particle loss = 0.0% particle loss = 0.0% particle loss = 36.2%
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Simulation uses the same model as the paper by Wei Gal, et al, PRE 55, 3, (1997) 3481
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Wakefields: |W,~ Q/a"2, W, ~ Q/a"3

Casel Casell
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ldeal Quads Channel for BBU Control
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Scaling law used in the simulation

parameters

B’ [T/m]
k [1/m?]
L, [m]

initial beta

scaling laws
b~a

Bx“"LqN\(E

Tx ™ 4/ .Bxfun - (aQ)lf“

b=1.06a
B'[T/m]=1[T]/a[m]
k=B"/(Bp)
L, = ¢/Vk
W, = Wy - Q[nC]/{a[mm]}?
f[GHz]=300 * (1 [mm] /a
[mm])
o,=0.24=0.2c/f

€n[pm] = {/Q[nC]

Lq

Px = 2(2+v2)
Ox = +/ Bx€un



Transfer matrix theory

matrix of a FOCO cell:

1 0 1 Laq\ /1 O 1 Lg4 1 0
Mpopo = | _ 1 1 || Wala 1 1 | Wala 1 ] - 1 1
2f ymc? f ymc? 2f

By using some scaling laws, matrix can be written as,
M= M(Q,a)

Stability conditions requires that,
|Trace(M)| < 2

By applying the equal sign, boundary of Q can be solved as a function of a.

Detailed FODO parameters can be solved by the periodic condition.




N
How large beam charge can be controlled?

Upper boundary of beam charge vs beam aperture (radius)
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Numerical Cases of a Gaussian Drive bunch w/ BBU Control
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Other parameter’s effects

group velocity
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Other parameter’s effects

Ez / (MV/m)

1100

efficiency

Initial drive energy

700

1000H

900

700+ ‘

—e—80% efficiency

400

200+

100

—e—WO =75 MeV ;
—e—W,_ =150 MeV|

600+

500}

Ez / (MV/m)
N
o
o

200+

100

| _*_m%=3m)Ma/i_m“mw”m”m””mmpmm_m”mmm

efficiency| propagation length|

W01 B'/Bp|



Back to Double Triangular Bunch



Wakefields for DT bunch

Flat W,
—> Same energy drop for all the particle
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In order to perform BNS damping to
control BBU, it needs an initial energy
chirp for DT bunch.
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Add initial linear energy chirp to the DT beam

* Define chirp factor = (Wyeqq — Weqiz) /{WO0)
* j.e. chirp factor =0.1 means W0 = 285 ~ 315 MeV
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N
Improve BBU control by tapering L, instead of tapering B’

Option 1: Keep L, and modifying B" as energy drop.
*  When beam energy is down to zero, B” approaches 0.
Option 2: New: Keep B’ = 1400T/m and modifying L.

. Perform stronger focusing than the 15t method.
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propagation vs energy chirp
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A New Set of Parameters of DWA FEL
Scheme
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High rep. rate, X-ray FEL user facility
based on a 2 GeV DWFA
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Next Steps
1. Confirmation of BBU study by other well-established

é

simulation code

2. Behavior of witness beam in the same DWA channel

3. Implementation of quads to meet the requirements

4. Design an experiment of beam propagation and control in a

meter-scale DWA

PM 4 Fe <y
+%Fe%+ /(
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Y. lwashita, et al, PAC2003

Euclid Quartz DWA 1D=400 um




The PMQ designed by Melike Abliz, Isaac Vasserman and Alexander Zholentz
of APS with a gradient of 1 T/mm and a bore diameter of 3.5 mm.
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MODEL DATA
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Nonlinear materials

Simulation No 1 of 1

128661 elements

438718 nodes

Nodally interpolated fields

Activated in global coordinates
Reflection in XY plane (Z field=0)
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Temperature variation inside the 2 cm long quad

rather modest temperature rises.

a LB

L(2)=0.02 Surface: Temperature (K)

« Assuming an average heat M
power load induced by the drive B
beam at the level of 40W /cm
length of the dielectric channel.
« Assuming the cooling s 1315
provided to keep all periphery
surfaces at a room temperature.
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